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Description 

[0001] This invention relates to a polyester polynfierization catalyst, polyester produced by using the same and a 
process for producing polyester and in particular to an antimony compound-free novel polyester polymerization catalyst, 

5 polyester produced by using the same and a process for producing polyester. 

[0002] Polyester, particularly polyethylene terephthalate (abbreviated hereinafter Into PET), is superior in mechanical 
and chemical properties and applied to various uses such as fibers for clothes and industrial materials, various films 
such as paclcaging films and magnetic tapes and sheets, and molded articles such as bottles and engineering plastics. 
[0003] PET is obtained industrially by esterification ortransesterification of terephthalic acid or dimethyl terephthalate 

10 with ethylene glycol to produce bis(2-hydroxy ethyl) terephthalate and subsequent polycondensation with a catalyst at 
high temperature in vacuo. As the catalyst used in this polycondensation, antimony trioxide is widely used. Antimony 
trioxide is a catalyst which is inexpensive and superior in the catalytic activity, but since an antimony metal is precipitated 
during polycondensation, there is the problem of gray discoloration and fomriation of insoluble particles in PET. Further, 
a problem with the safety of antimony is recently noted from an environmental viewpoint. Under these circumstances, 

15 there is demand for polyester containing no or little antimony. 

[0004] While using antimony trioxide as the polycondensation catalyst, an attempt at inhibiting occun-ence of gray 
discoloration and fonnation of insoluble particles in PET has been made. In Japanese Patent No. 2666502, for example, 
antimony trioxide and bismuth and selenium compounds are used as the polycondensation catalyst, whereby fonnation 
of gray insoluble particles In PET is inhibited. Further, Japanese Unexamined Patent Publication No. 291141/1997 

20 describes that when antimony trioxide containing sodium and iron oxides is used as the polycondensation catalyst, 
precipitation of an antimony metal Is inhibited. However, these polycondensation catalysts cannot achieve the object 
of obtaining polyester containing no or little antimony. 

[0005] Apolycondensation catalyst substituted for antimony trioxide has also been investigated. In particular, a tita- 
nium compound represented by tetraaikoxy titanate has already been proposed, but there is the problem that PET 

25 produced using this compound Is significantly discolored and easily themnally degraded. 

[0006] As an attempt to overcome such problem when tetraaikoxy titanate is used as the polycondensation catalyst, 
for example Japanese Unexamined Patent Publication No. 116722/1980 has proposed a method of using tetraaikoxy 
titanate with a cobalt salt and a calcium salt. Further, Japanese Unexamined Patent Publication No. 73581/1996 has 
proposed a method of using tetraaikoxy titanate simultaneously with a cobalt compound as the polycondensation cat- 

30 alyst and simultaneously using a optical brightener. By these proposes, the discoloration of PET is reduced when 
tetraaikoxy titanate is used as the polycondensation catalyst, but effective Inhibition of thermal degradation of PET has 
not been achieved, 

[0007] As a polycondensation catalyst which is substituted for antimony trioxide and overcomes such problem when 
tetraaikoxy titanate is used, a germanium compound has been practically used, but this catalyst has the problem that 

35 It is very expensive and that the catalyst easily evaporates . from the reaction system to the outside so that the con- 
centration of the catalyst In the reaction system is changed thus making control of polymerization difficult. 
[0008] It is known that aluminum compounds are generally inferior in the catalytic activity. Among the aluminum 
compounds, aluminum chelate compounds are reported to have a higher catalytic activity as a polycondensation cat- 
alyst than other aluminum compounds, but the catalytic activity is not practically sufficient as compared with the anti- 

40 mony compounds and titanium compounds described above. 

[0009] US-A-5,399,607 discloses a one component composition, which is said to be suitable for use as coatings, 
comprising: (A) an acrylic resin having hydroxyl groups, (B) a special alkoxysilyl group-containing acrylic copolymer, 
(C) a curing catalyst, and at least one member selected from the group consisting of (D) a dehydrating agent and (E) 
an alky! alcohol. 

45 [0010] EP-A-0 41 9 669 relates to a themnosettlng composition comprising a hydroxylated resin, a hydrolysable silyl 
compound polymer, a hydrolysable silicon compound, and a curing catalyst 

[0011] In US-A-5, 639,825, a thermosetting composition comprising (A) a resin having hydroxyl group, (B) a hydro- 
lysable silyl group-containing polymer, (C) a hydrolysable silicon compound and (D) a curing catalyst is used as a 
coating material. 

50 [0012] US-A-3,574,174 describes a polymerization process in the presence of catalyst compositions comprising (1) 
a reaction product of a vanadium oxide and organic phosphorous compounds, (2) a hydrocarbyl silane and a halo- 
aluminium compound. 

[0013] JP-A-61 101 527 relates to the production of a polyester consisting mainly of repeating units of ethylene tereph- 
thalate, 0.05-5wt% of a special phosphorus compound and 0.005-2wt% fine particles are added to the reaction mixture 
55 during the reaction from the time before the start of the esterification or transesterification to the time of completion of 
the polycondensation reaction. 

[0014] JP-A-60 035023 discloses a polyester containing at least 80% ethylene terephthalate units produced by di- 
rectly polycondensing crude terephthalic acid with ethylene glycol (optionally together with ethylene oxide) by using a 
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catalyst (e.g., an antimony or germanium compound) containing a phospliorus compound. In the above process, tita- 
nium dioxide and silica and/or alumina, are added before the polymerization step. 

[0015] This invention provides a novel polycondensatlon catalyst other than antimony compounds, polyester pro- 
duced by using the same and a process for producing polyester. 

[001 6] The present inventors made extensive examination for solving the problems described above, and as a result, 
they surprisingly found that as a polycondensatlon catalyst, an aluminum compound, though being originally Inferior 
in the catalytic activity, came to have a sufficient activity by allowing a phosphoms compound to be coexistent therewith, 
thus arriving at this Invention. When the polycondensatlon catalyst of this invention is used, polyester superior in qual- 
ities can be obtained without using the antimony compound. 

[0017] That Is, this invention provides a polyester polymerization catalyst, which comprises an aluminum compound 
and a phosphoms compound, wherein the aluminum compound is at least one compound selected from the group 
consisting of an aluminum carboxylate, aluminum chloride, aluminum hydroxide chloride, aluminum carbonate, an 
aluminum phosphate, an aluminum phosphonate, an aluminum alkoxide, an aluminum chelate compound, a partially 
hydrolyzate of an organoaluminum compound, and metal aluminum, a polyester produced by using the same and a 
process for producing polyester, as a method of solving the problems above. 

[0018] This Invention provides a novel polycondensatlon catalyst other than antimony compounds, polyester pro- 
duced by using the same, and a process for producing polyester. The polycondensatlon catalyst of this invention is a 
polyester polymerization catalyst, which comprises an aluminum compound and a phosphorus compound, as follows: 

0 a polyester polymerization catalyst, which comprises an aluminum compound and a phosphorus compound, 
wherein the aluminum compound is at least one compound selected from the group consisting of an aluminum 
carboxylate, aluminum chloride, aluminum hydroxide chloride, aluminum cariDonate, an aluminum phosphate, an 
aluminum phosphonate, an aluminum alkoxide, an aluminum chelate compound, a partially hydrolyzate of an or- 
ganoaluminum compound, and metal aluminum; 

(f) the polyester polymerization catalyst according to the above-described0 , wherein the phosphorus compound 
is at least one compound selected from the group consisting of a phosphonic acid based compound, a phosphlnic 
acid based compound, a phosphlne oxide based compound, a phosphonous acid based compound, a phosphinous 
acid based compound, and a phosphlne based compound; 

(D the polyester polymerization catalyst according to the above-described® , wherein the phosphorus compound 
is at least one phosphonic acid based compound; 

@ the polyester polymerization catalyst according to any one of the above-described 0 to© , wherein the phos- 
phorus compound is a compound having an aromatic ring structure; 

® the polyester polymerization catalyst according to the above-described0 , wherein the phosphorus compound 
is at least one compound selected from the group consisting of the compounds represented by the following For- 
mulae (1) to (3): 

(Fomnula 1) 
P(=0)R^(OR^)(OR®) 

(Fomnula 2) 
P(=0)R^R'^(0R^) 

(Fomnula 3) 
P(=0)rWr^ 

(wherein R"" , R"^, R^and R^ independently represent hydrogen, a C^.sq hydrocarbon group, and a C^.sq hydrocartaon 
group containing a hydroxyl group, a halogen group, an alkoxy group or an amino group, and R^ and R^ independ- 
ently represent hydrogen and a C^.^q hydrocariDon group, provided that the hydrocari^on group may contain an 
alicycllc structure or an aromatic ring structure.); 

(D the polyester polymerization catalyst according to the above-described (§) , wherein each of R^ R^, R^ and R^ 
is a group having an aromatic ring structure; 

Q) the polyester polymerization catalyst according to any one of the above-described0 to® , characterized in 
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that one or more metals and/or metal compounds selected from the group consisting of alkali metals or compounds 
thereof and alkaline earth metals or compounds thereof are coexistent therewith; 
® polyester produced by using a catalyst described in any one of the above-described® to © ; and 
(D a process for producing polyester which comprises using a catalyst described in any one of the above-described 
5 ® to® in producing polyester 

[0019] Further embodiments of the prerent invention are described in the appended claims. 

[0020] The aluminum compound constituting the polycondensation catalyst of this invention includes cariaoxylates 

such as aluminum formate, aluminum acetate, aluminum propionate, aluminum oxalate, aluminum acrylate, aluminum 

10 laurate, aluminum stearate, aluminum benzoate, aluminum trichloroacetate, aluminum lactate, aluminum citrate and 
aluminum salicylate, inorganic acid salts such as aluminum chloride, aluminum hydroxide, aluminum hydroxide chlo- 
ride, aluminum carbonate, aluminum phosphate and aluminum phosphonate, aluminum alkoxides such as aluminum 
methoxide, aluminum ethoxide, aluminum n-propoxide, aluminum iso-propoxide. aluminum n-butoxide and aluminum 
t-butoxide, aluminum chelate compounds such as aluminum acetylacetonate, aluminum acetylacetate, aluminum ethyl 

IS acetoacetate, and aluminum ethyl acetoacetate di-iso-propoxide, a partially hydrolyzate of organoaluminum com- 
pounds such as a partially hydroiyzates of trimethyl aluminum and triethyl aluminum as well as metal aluminum. Among 
these, the carboxylates, inorganic acid salts and chelate compounds are preferable, among which aluminum acetate, 
aluminum chloride, aluminum hydroxide, aluminum hydroxide chloride and aluminum acetylacetonate are particularly 
preferable. 

20 [0021] The amount of the aluminum compound used in the invention is preferably 5x10-7 to 0.01 mole, more pref- 
erably 1x10-6 to 0.005 mole, relative to the number of moles of all constitutive units of carboxyiic acid components 
such as dicarboxylic acid and polyfunctional carboxyiic acid components in the resulting polyester. 
[0022] The phosphorus compound constituting the polycondensation catalyst of the invention is not particularly lim- 
ited, but at least one compound selected from the group consisting of a phosphonic acid based compound, a phosphinic 

25 acid based compound, a phosphine oxide based compound, a phosphonous acid based compound, a phosphinous 
acid based compound, and a phosphine based compound is preferably used for a significant effect of improving the 
catalytic activity. Among these, at least one phosphonic acid based compound is preferably used for a particularly 
significant effect of improving the catalytic activity. 

[0023] The phosphonic acid based compound, phosphinic acid based compound, phosphine oxide based compound, 
30 phosphonous acid based compound, phosphinous acid based compound and phosphine based compound mentioned 
in the invention refer respectively to compounds having the structures shown in the following Fonnulae (4) to (9): 



35 



40 



(Formula 4) 
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(Formula 5) 
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(Formula 6) 
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(Forrnvda 8) 



(Formula 9) 
p 



[0024] The phosphonic acid based compound in tiiis invention inciudes e.g. dimethyl methytphosphonate, diphenyl 
methylphosphonate, dimethyl phenylphosphonate, diethyi phenylphosphonate, diphenyi phenylphosphonate, dimethyl 
benzylphosphonate and diethyl benzylphosphonate. 

[0025] The phosphinlc acid based compound in this invention Includes e.g. diphenylphosphinic acid, methyl diphe- 
nyiphosphinate, phenyl diphenylphosphinate, phenytphosphtnic acid, methyl phenylphosphlnate and phenyl phenyl- 
phosphinate. 

[0026] The phosphlne oxide based compound in this invention includes e.g. diphenyl phosphine oxide, methyl diphe- 
nyl phosphlne oxide and triphenyl phosphine oxide. 

[0027] Among the phosphorus compounds described above, those compounds having an aromatic ring structure 
are preferably used for a significant effect of improving the catalytic activity. 

[0028] As the phosphorus compound constituting the polycondensation catalyst of the Invention, a compound rep- 
resented by the following Fomnulae (1) to (3) is preferably used for a particularly significant effect of improving the 
catalytic activity. 

(Formula 1) 
P(=0)r\0R^)(0R^) 



(Fonmula 2) 
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P(=0)R^r'^(OR^) 

^ (Formula 3) 

P(=0)R^R^R® 

(wherein R*, R^ and R^ independently represent hydrogen, a 0^.50 hydrocarbon group, and a hydrocarbon 
10 group containing a hydroxyl group, a halogen group, an alkoxy group or an amino group, and R^ and R^ independently 
represent hydrogen and a C^.^q hydrocarbon group, provided that the hydrocarbon group may contain an allcyclic 
structure such as cyclohexyl or an aromatic ring structure such as phenyl and naphthyl.) 

[0029] The phosphorus compound constituting the polycondensation catalyst of the invention is particularly prefer- 
ably a compound of Fonnulae (1) to (3) above wherein each of R^ , R*, R5 and R^ is a group having an aromatic ring 
15 Structure. 

[0030] The phosphorus compound constituting the polycondensation catalyst of the invention includes e.g. dimethyl 
methylphosphonate, diphenyl methylphosphonate, dimethyl phenylphosphonate, diethyl phenylphosphonate, diphenyl 
phenylphosphonate. dimethyl benzylphosphonate, diethyl benzylphosphonate, diphenyiphosphinic acid, methyl diphe- 
nylphosphinate, phenyl diphenylphosphinate, phenylphosphinic acid, methyl phenylphosphinate, phenyl phenylphos- 
20 phinate, diphenyl phosphine oxide, methyl diphenyl phosphine oxide and triphenyl phosphine oxide. Among these, 
dimethyl phenylphosphinate and diethyl benzylphosphlnate are particularly preferable. 

[0031] The amount of the phosphorus compound used in the invention is preferably 5x10-7 to 0.01 mole, more 
preferably 1x10-6 to 0.005 mole, relative to the number of moles of all constitutive units of carboxylic acid components 
such as dicarboxylic acid and polyfunctionai carboxylic acid components In the resulting polyester. 
25 [0032] For a further effect of improving the catalytic activity, it is preferable that one or more metai compounds selected 
from the group consisting of alkali metals or compounds thereof and alkaline earth metais or compounds thereof are 
coexistent with the polycondensation catalyst of this invention comprising the aluminum compound and the phosphorus 
compound. 

[0033] The alkali metals or compounds thereof or the alkaline earth metal or compounds thereof in this invention are 
30 not particularly limited insofar as they are alkali metals or alkaline earth metais or one or more compounds selected 
from the group consisting of Li, Na, K, Rb, Cs, Be, Mg, Ca, Sr and Ba compounds; for example, these metal compounds 
Include saturated aliphatic carboxylates such as formate, acetate, propionate, butyrate and oxalate, unsaturated 
aliphatic carboxylates such as acrylate and methacrylate, aromatic carboxylates such as benzoate, halogen-containing 
carboxylates such as trichloroacetate, hydroxycarbonates such as lactate, citrate and salicylate, inorganic acid salts 
35 such as carbonate, sulfate, nitrate, phosphate, phosphonate, hydrogen carbonate, hydrogen phosphate, hydrogen 
sulfate, sulfite, thiosulfate, hydrochloride, hydrobromate, chlorate and bromate, organic sulfonates such as 1 -propane 
sulfonate, 1-pentane sulfonate and naphthalene sulfonate, organic sulfates such as lauryl sulfate, alkoxides such as 
methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy and t-butoxy, chelate compounds such as acetylacetonate, oxides 
and hydroxides, among which saturated aliphatic carboxylates are preferable and acetate is most preferable. 
40 [0034] The amount of these alkali metal or compounds thereof or alkaline earth metais or compounds thereof used 
is preferably in the range of 1 x 1 0-6 to 0.1 mole, more preferably In the range of 5x10-6 to 0.05 mole, relative to the 
number of moles of all constitutive units of carboxylic acid components such as dicarboxylic acid and poly functional 
carboxylic acid components in the resulting polyester. 

[0035] Production of polyester according to this invention can be conducted by a method known in the art. For ex- 
45 ample, PET can be produced by a method of esterifylng terephthalic acid with ethylene glycol and subsequent poly- 
condensation reaction, or a method of transesterification reaction between alkyi terephthalate such as dimethyl tereph- 
thalate and ethylene glycol and subsequent polycondensation reaction. Further, the polymerization apparatus may be 
a batch type or continuous reaction type. 

[0036] The catalyst of this invention has a catalytic activity not only in polycondensation reaction but also In esteri- 
50 fication reaction and transesterification reaction. The transesterification reaction between alkyi dicariDOxylate such as 
dimethyl terephthalate and glycol such as ethylene glycol is conducted usually in the presence of a transesterification 
catalyst such as zinc, and in place of such catalyst or in coexistence of such catalyst, the catalyst of this invention can 
also be used. Further, the catalyst of this invention has a catalytic activity not only in melt state polymerization but also 
in solid state polymerization and solution polymerization. 
55 [0037] The polycondensation catalyst of this invention is added desirably before polycondensation reaction, but the 
catalyst can also be added to the reaction system in an arbitrary stage before or during esteriflcatlon reaction or trans- 
esterification reaction, 

[0038] The polycondensation catalyst of this invention may be added in any fomn such as powder, neat, or a slurry 
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or solution in a solvent such as ethylene glycol. Alternatively, a mixture prepared by previously mixing the aluminum 
compound with the phosphorus compound may be added, orthe compounds comprising the catalyst may be separately 
added. Further, a mixture prepared by previously mixing the two or more compounds with all<ali metals or compounds 
thereof or alkaline earth metals or compounds thereof may be added, or these compounds may be added separately. 
[0039] For polymerization of polyester by use of the polymerization catalyst of the invention, an antimony compound 
and a germanium compound may be used In combination with the catalyst, in this case, the antimony compound is 
preferably added in an amount of 50 ppm or less (in terms of antimony atom) relative to the polyester obtained by 
polymerization. The antimony compound is added more preferably in an amount of 30 ppm or less. Addition of antimony 
in an amount of more than 50 ppm is not preferable because an antimony metal is precipitated resulting in the gray 
discoloration and fomriation of insoluble particles in the polyester. The germanium compound is added preferably In an 
amount of 20 ppm or less (in terms of germanium atom) in the polyester obtained by polymerization. The gemrianlum 
compound Is added more preferably in an amount of 1 0 ppm or less. Addition of gennanlum in an amount of more than 
20 ppm Is economically disadvantageous and thus not preferable. 

[0040] The antimony compound used in this invention includes antimony trioxide, antimony pentaoxide, antimony 
acetate and antimony glycoxide, among which antimony trioxide is preferable. The germanium compound includes 
gennanlum dioxide and gennanlum tetrachloride, among which germanium dioxide is preferable. 
[0041] With the polymerization catalyst of this invention, other polymerization catalysts such as titanium compound, 
tin compound and cobalt compound can be coexistent in such amount as not to deteriorate the themial stability and 
color tone of polyester. 

[0042] The polyester mentioned in the Invention refers to polyester comprising at least one component selected from 
polyf unctional carboxylic acids Including dicarboxylic acids and ester-fomalng derivatives thereof and at least one com- 
ponent selected from polyfunctlonal alcohols Including glycols, to polyester comprising hydroxycarboxylic acids and 
ester-fomilng derivatives thereof, or to polyester comprising cyclic esters, 

[0043] The dlcari30xylic acids may include at least one of the following compound ;saturated aliphatic dicarboxylic 
acids such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, 
sebacic acid, decane dicartDOxyllc acid, dodecane dicariDOxylic acid, tetradecane dicariDoxylic acid, hexadecane dicar- 
boxylic acid, 1 ,3-cyclobutane dicarisoxylic acid, 1 ,3-cyclopentane dicarboxylic acid, 1 ,2-cyclohexane dicarboxylic acid, 
1 ,3-cyclohexane dicarboxylic acid, 1 ,4-cyclohexane dicari30xylic acid, 2,5-nori3ornane dicarboxylic acid and dimer ac- 
ids or ester-forming derivatives thereof, unsaturated aliphatic dicariaoxylic acids such as fumaric acid, maleic acid and 
itaconic acid or ester-fomning derivatives thereof, aromatic dicari3oxylic acids such as orthophthalic acid, isophthalic 
acid, terephthalic acid, 5-(alkali metal) sulfoisophthalic acid, diphenic acid, 1 ,3-naphthalene dIcariDoxylic acid, 1 ,4-naph- 
thalene dicarboxylic acid, 1 ,5-naphthaiene dicarboxylic acid, 2,6-naphthalene dicarisoxylic acid, 2,7-naphthalene di- 
carboxylic acid, 4,4'-blphenyl dicarisoxylic acid, 4,4'-biphenyl sulfone dicari3oxylic acid, 4,4'-biphenyl ether dicari30xylic 
acid, 1 ,2-bis(phenoxy)ethane-p,p'-dicariDOxylic acid, pamoic acid and anthracene dlcartaoxylic acid or ester-fonrning 
derivatives thereof. And among these dicariDoxylic acids, terephthalic acid and naphthalene dicarboxylic acid particu- 
larly 2,6-naphthalene dicartDoxyllc acid are preferable. 

[0044] Polyfunctlonal carboxylic acids other than these dicarboxylic acids may include ethane tricarisoxyllc acid, 
propane tricarboxylic acid, butane tetracartsoxylic acid, pyromellitic acid, trimellitic acid, trimesic acid and 3,4,3',4*- 
blphenyl tetracariaoxylic acid, as well as ester-fomriing derivatives thereof. 

[0045] The glycols may include at least one of the following compound ;allphatic glycols such as ethylene glycol, 

1 .2- propylene glycol, 1 ,3-propylene glycol, diethylene glycol, triethylene glycol, 1 ,2-butylene glycol, 1 ,3-butylene glycol, 

2.3- butylene glycol, 1,4-butylene glycol, 1,5-pentane dioi, neopentyl glycol, 1,6-hexane did, 1 ,2-cyclohexane diol, 
1 ,3-cyclohexane diol, 1 ,4-cyclohexane diol, 1 ,2-cyclohexane dimethanol, 1 ,3-cycIohexane dimethanol, 1 ,4-cyclohex- 
ane dimethanol, 1 ,4-cyclohexane diethanol, 1 ,10-decamethyIene glycol, 1 ,12-dodecane diol, polyethylene glycol, pol- 
ytrimethylene glycol, and polytetramethylene glycol, and aromatic glycols such as hydroqulnone, 4,4'-dlhydroxy bi- 
sphenol, 1 ,4-bisO-hydroxyethoxy) benzene, 1 ,4-bls(P-hydroxyethoxyphenyl) sulfone, bis(p-hydroxyphenyl) ether, bis 
(p-hydroxyphenyi) sulfone, bis(p-hydroxyphenyl) methane, 1 ,2-bis(p-hydroxyphenyl) ethane, bisphenol A, bisphenol 
C, 2,5-naphthaiene diol, as well as glycols having ethylene oxide added to the above glycols, and among these glycols, 
ethylene glycol and 1 ,4-butylene glycol are preferable. 

[0046] Polyfunctlonal alcohols other than these glycols include trimethylol methane, trimethylol ethane, triemethylol 
propane, pentaerythritol, glycerol, hexane triol etc. 

[0047] The hydroxycariDoxyllc acids may Include lactic acid, citric acid, malic acid, tartaric acid, hydroxyacetic acid, 
3-hydroxybutyric acid, p-hydroxybenzoic acid, p-(2-hydroxyethoxy) benzoic acid, 4-hydroxycyclohexane cartDOxylic ac- 
id, or ester-forming derivatives thereof. 

[0048] The cyclic esters include e-caprolactone, p-propiolactone, p-methyl-p-propiolactone, 5-valerolactone, glucol- 
Ide and lactlde. 

[0049] Furiher, the polyester of this invention can contain a known phosphorus compound as a copolymerizable 
component. The phosphorus compound is preferably a bifunctlonai phosphorus compound, and examples thereof 
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include dimethyl phenylpliosphonate, diphenyl phenylphosphonate, (2-carboxylethyl) methylphospliinic acid, (2-car- 
boxylethyl) piienylpliosphinlc acid, methyl (2-methoxycarboxyIethyl) phenylphosphinate, methyl (4-methoxycarbonyl- 
phenyl) phenylphosphinate, [2-(p-hydroxyethoxycarbonyl)ethyl] methylphosphinic acid ethylene glycol ester, (1 ,2-di- 
carboxyethyl) dimethyl phosphine oxide, 9,10-dlhydro-10-oxa-(2,3-carboxypropyl)-10-phosphaphenanthrene-10-ox- 
.Ide, etc. By incorporating these phosphorus based compounds as copolymerizable components, the resulting polyester 
can improve flame retardancy etc. 

[0050] The ester-forming derivatives of polyfunctlonal carboxylic acids or hydroxycarboxylic acids include all<yl es- 
ters, acid chlorides and acid anhydrides of such acids. 

[0051] The polyester of this invention is preferably polyester whose main acid component is terephthalic acid or an 
ester-fomning derivative thereof or naphthalene dicarboxylic acid or an ester-forming derivative thereof and whose 
main glycol component is alkylene glycol. The polyester whose main acid component is terephthalic acid or an ester- 
forming derivative thereof or naphthalene dicarboxylic acid or an ester-forming derivative thereof is polyester wherein 
the total of terephthalic acid or an ester-forming derivative thereof or naphthalene dicarboxylic acid or an ester-forming 
derivative thereof is preferably 70 mole % or more, more preferably 80 mole % or more, and most preferably 90 mole 
% or more, to the total acid components. The polyester whose main glycol component is allcylene glycol is polyester 
wherein the total of alkylene glycol is preferably 70 mole % or more, more preferably 80 mole % or more, and most 
preferably 90 mole % or more, to the total glycol components. As used herein, the alkylene glycol may contain a 
substituent group or an alicyclic structure in the molecular chain thereof. 

[0052] The naphthalene dicarboxylic acid or ester-fomning derivatives thereof used in this invention are preferably 
1 ,3-naphthalene dicarboxylic acid, 1 ,4-naphthalene dicarboxylic acid, 1 ,5-naphthalene dicarboxylic acid, 2,6-naphtha- 
lene dicarboxylic acid, 2,7-naphthalene dicarboxylic acid or ester-fomrilng derivatives thereof. 
[0053] The alkylene glycol used in this Invention includes ethylene glycol, 1 ,2-propylene glycol, 1 ,3-propylene glycol, 
1,2-butylene glycol, 1,3-butylene glycol, 2,3-butylene glycol, 1,4-butylene glycol, 1,5-pentane did, neopentyl glycol, 
1 ,6-hexanediol. 1 ,2-cyclohexanediol, 1 ,3-cyclohexane diol, 1 .4-cyclohexanediol, 1 ,2-cyclohexanedimethanol, 1 ,3-cy- 
clohexane dimethanol, 1 ,4-cyclohexane dimethanol, 1 ,4-cyclohexane diethanol, 1,10-decam ethylene glycol, and 
1 ,12-dodecane diol. These may be used in combination thereof. 

[0054] The polyester of this invention can, as acid components other than terephthalic acid or an ester-forming de- 
rivative thereof and naphthalene dicarboxylic acid or an ester-fomning derivative thereof, contain saturated aliphatic 
dicarboxylic acids such as oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, pimelic acid, suberic acid; 
azelaic acid, sebacic acid, decane dicarboxylic acid, dodecane dicarboxylic acid, tetradecane dicariDoxylic acid, hex- 
adecane dicarboxylic acid, 1 ,3-cyclobutane dicarboxylic acid, 1 ,3-cyclopentane dicarboxylic acid, 1 ,2-cyclohexane di- 
carboxylic acid, 1 ,3-cyclohexane dicarboxylic acid, 1 ,4-cyclohexane dicarboxylic acid, 2,5-norbomane dicariDoxylic acid 
and dimer acids or ester-forming derivatives thereof, unsaturated aliphatic dicarisoxylic acids such as fumaric acid, 
maleic acid and itaconic acid or ester-fomiing derivatives thereof, aromatic dicarboxylic acids such as orthophthalic 
acid, isophthalic acid, 5-(alkali metal) sulfoisophthalic acid, diphenic acid, 4,4'-biphenyl dicarboxylic acid, 4,4'-biphenyl 
sulfone dicariDoxylic acid, 4,4'-biphenyl ether dicarboxylic acid, 1 ,2-bis(phenoxy)ethane-p,p'-dlcarboxylic acid, pamoic 
acid and anthracene dicarboxylic acid or ester-forming derivatives thereof, and polyfunctlonal carboxylic acids such 
as ethane tricariDoxylic acid, propane tricarboxylic acid, butane tetracarboxylic acid, pyromeliitic acid, trimeliitic acid, 
trimesic acid and 3,4,3',4'-biphenyl tetracariaoxylic acid or ester-fomning derivatives thereof. The polyester of this in- 
vention can also contain hydroxycartDoxylic acids such as lactic acid, citric acid, malic acid, tartaric acid, hydroxyacetic 
acid, 3 -hydroxy butyric acid, p-hydroxybenzoic acid, p-(2-hydroxyethoxy) benzoic acid and 4-hydroxycyclohexane car- 
boxylic acid or ester-forming derivatives thereof. Further, the polyester can also contain cyclic esters such as e-capro- 
lactone, p-propiolactone, p-methyl-p-propiolactone, 5-valerolactone, glycolide and lactide. 

[0055] The polyester of the invention can, as glycol components other than alkylene glycol, contain aliphatic glycols 
such as diethylene glycol, triethylene glycol, polyethylene glycol, polytrimethylene glycol and polytetramethylene glycol, 
aromatic glycols such as hydroquinone, 4,4'-dihydroxybisphenol, 1 ,4-bis(P-hydroxyethoxy) benzene, 1 ,4-bis(p-hydrox- 
yethoxyphenyl) sulfone, bis(p-hydroxyphenyl) ether, bis(p-hydroxyphenyl) sulfone, bis{p-hydroxyphenyl) methane, 
1 ,2-bis(p-hydroxyphenyl) ethane, bisphenol A, bisphenol C, 2,5-naphthatene diol and glycols having ethylene oxide 
added to the above glycols, and polyfunctlonal alcohols such as trimethylol methane, trimethylol ethane, trimethylol 
propane, pentaerythritol, glycerol and hexane triol as copolymerizable components. 

[0058] The polyester of this invention can contain a known phosphorus based compound as a copolymerizable com- 
ponent. The phosphorus based compound is preferably a bifunctional phosphorus based compound, and examples 
thereof include dimethyl phenylphosphonate, diphenyl phenylphosphonate, (2-carboxylethyl) methylphosphinic acid, 
(2-cari30xylethyl) phenylphosphinic acid, methyl (2-methoxycarboxyIethyl) phenylphosphinate, methyl (4-methoxycar- 
bonylphenyl) phenylphosphinate, [2-(p-hydroxyethoxycarbonyl)ethyl] methylphosphinate ethylene glycol, (1,2-dlcar- 
boxyethyl) dimethyl phosphine oxide, 9,10-dihydro-10-oxa-(2,3-carboxypropyl)-10-phosphaphenanthrene-10-oxide, 
etc. By Incorporating these phosphorus based compounds as copolymerizable components, the resulting polyester 
can improve flame retardancy etc. 
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[0057] The polyester of the Invention Is preferably polyethylene terephthalate, polybutylene terephthalate, polypro- 
pylene terephthalate, poly(1 ,4-cyclohexanedinnethyleneterephthalate), polyethylene naphthalate, polybutylene naph- 
thalate, polypropylene naphthalate and a copolymer thereof , among which polyethylene terephthalate and a copolymer 
thereof are particularly preferable. 

5 [0058] The polyester of this Invention can contain antioxidants such as phenolic or aromatic amines, and by con- 
taining one or more of these antioxidants, the resultant polyester can improve e.g. thermal stability. The phenolic anti- 
oxidants include tetrakis-[methyl-3-(3',5'-di-tert-butyl-4-hydroxyphenyl)propionate] methane, 4,4'-butylidene bis-(3-me- 
thyl-6-tert-butyiphenoi), and 1 ,3,5-trimethyI-2,4,6-tris(3,5-di-tert-butyI-4-hydroxybenzyl) benzene. 
[0059] The polyester of this Invention may contain other arbitrary polymers, stabilizers, antioxidants, antistatic agents, 

10 antifoaming agents, dyeing assistants, dyes, pigments, delusterants, optical brighteners and other additives. 

Examples 

[0060] Hereinafter, this Invention Is described in more detail by reference to the Examples, which however are not 
15 intended to limit this invention. The intrinsic viscosity (IV) of polyester in each of the Examples and Comparative Ex- 
amples was measured at a temperature of 30 °C In a 6/4 mixed solvent (ratio by weight) of phenol/1 ,1 ,2,2-tetrachlo- 
roethane. Example 1 

[0061] As the catalyst, 3 g/i aluminum chloride in ethylene glycol was added, in an amount of 0.01 5 mole % in terms 
of aluminum relative to the acid component in polyester, to bis(2-hydroxyethyl) terephthalate, and then dimethyl phe- 
20 nylphosphonate was added In an amount of 0.02 mole % relative to the acid component In polyester, and the mixture 
was stirred at 245 °C for 10 minutes at atmospheric pressure. Then, the mixture was heated over 50 minutes to 275 
"C, during which the pressure in the reaction system was gradually reduced to 0.1 mmHg, and further polycondensatlon 
reaction was conducted for 3 hours at the same temperature and at the same pressure. The intrinsic viscosity of the 
resulting polymer is shown in Table 1 . 

25 

Examples 2 to 7 and Comparative Examples 1 to 2 

[0062] Polyester was polymerized in the same manner as in Example 1 except that the catalyst was changed. The 
intrinsic viscosity of the resulting polymer is shown in Table 1 . 

30 

Table 1 







Catalyst 


Amount 


IV(dlg-i) 




Example 1 


Aluminum chloride 


0.015 mol% 




35 




Dimethyl phenylphosphonate 


0.02 moi% 


0.55 




Example 2 


Aluminum acetate 


0.03 mol% 








Diethyl benzylphosphonate 


0.01 mol% 


0.57 


40 


Example 3 


Aluminum hydroxide chloride 


0.05 mol% 








Diphenylphosphinic acid 


0.07 mol% 


0.62 




Example 4 


Aluminum acetylacetonate 


0.01 mol% 








Dimethyl phenylphosphonate 


0,01 mol% 


0.6 


45 


Example 5 


Aluminum hydroxide 


0.065 mol% 








Diphenyl phosphine oxide 


0.03 mol% 


0.59 




Example 6 


Aluminum acetate 


0.01 mol% 




50 




Diethyl benzylphosphonate 


0.005 mol% 








Lithium acetate 


0.025 moi% 


0.6 




Example 7 


Aluminum chloride 
Dimethyl phenylphosphonate 


0.005 mol% 
0.01 mol% 




55 




Sodium acetate 


0.05 moi% 


0.62 




Comparative Example 1 


Aluminum chloride 


0,015 mol% 


0.31 
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Table 1 (continued) 





Catalyst 


Amount 


iV(dlg-i) 


Comparative Example 2 


Dimethyl phenylphosphonate 


0.02 mol% 


0.27 



[0063] According to this invention, there is provided a novel polycondensation catalyst other than antimony com- 
pounds as well as polyester produced by using the same. The polyester of this invention can be applied to fibers for 
clothes, fibers for industrial materials, various films, sheets and molded articles such as bottles and engineering plastics, 
as well as coatings and adhesives. 



Claims 

1. A polyester polymerization catalyst, which comprises an aluminum compound and a phosphorus compound, 
wherein the aluminum compound is at least one compound selected from the group consisting of an aluminum 
carboxylate, aluminum chloride, aluminum hydroxide chloride, aluminum carbonate, an aluminum phosphate, an 
aluminum phosphonate, an aluminum all^oxide, an aluminum chelate compound, a partially hydrolyzate of an or- 
ganoalumlnum compound, and metal aluminum. 

2. The polyester polymerization catalyst according to claim 1 , wherein the phosphorus compound is at least one 
compound selected from the group consisting of a phosphonic acid based compound, a phosphinic acid based 
compound, a phosphine oxide based compound, a phosphonous acid based compound, a phosphinous acid based 
compound, and a phosphine based compound. 

3. The polyester polymerization catalyst according to claim 1, wherein the phosphorus compound is at least one 
phosphonic acid based compound. 

4. The polyester polymerization catalyst according to any one of claims 1 to 3, wherein the phosphoms compound 
is a compound having an aromatic ring structure. 

5. The polyester polymerization catalyst according to claim 1 , wherein the phosphorus compound is at least one 
compound selected from the group consisting of the compounds represented by the following Formulae (1 ) to (3): 

Fonnula 1 
P{=0)R^OR^)(OR^) 

Fonnula21 
P(=0)R^r'^(OR^) 

Fomriula 3 
P(=0)R^R^R® 

wherein R"* , R^, R^ and R^ independently represent hydrogen, a 0^.50 hydrocarbon group, and a hydrocarbon 
group containing a hydroxyl group, a halogen group, an alkoxy group or an amino group, and R2 and independ- 
ently represent hydrogen and a C^.^q hydrocarbon group, provided that the hydrocarbon group may contain an 
alicycllc structure or an aromatic ring structure. 

6. The polyester polymerization catalyst according to claim 6, wherein each of R^ R^, RS and R® is a group having 
an aromatic ring structure. 

7. The polyester polymerization catalyst according to claims 4, 
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wherein the aluminum compound Is at least one compound selected from the group consisting of an aluminum 
carboxylate, aluminum chloride, aluminum hydroxide chloride, aluminum cariDonate, an aluminum phosphate, an 
aluminum phosphonate, an aluminum chelate compound, a partially hydrolyzate of an organoaluminum compound, 
and metal aluminum. 

5 

8. The polyester polymerization catalyst according to claim 7, 

wherein the aluminum compound Is at least one compound selected from the group consisting of an aluminum 
carboxylate, aluminum chloride, aluminum hydroxide chloride, aluminum carbonate, an aluminum phosphate, an 
aluminum phosphonate, and an aluminum chelate compound. 

10 

9. The polyester polymerization catalyst according to claim 8, 

wherein the aluminum compound is at least one compound selected from the group consisting of aluminum acetate, 
aluminum chloride, aluminum hydroxide chloride, and aluminum acetylacetonate. 

10. The polyester polymerization catalyst according to claim 9, 
wherein the aluminum compound is aluminum acetate. 

11. The polyester polymerization catalyst according to any one of claims 1 to 10, characterized In that one or more 
metals and/or metal compounds selected from the group consisting of alkaline metals or compounds thereof and 

20 alkaline earth metals or compounds thereof are coexistent therewith. 

12. Polyester produced by using a catalyst described in any one of claims 1 to 11 . 

13. A process tor producing polyester which comprises using a catalyst described in any one of claims 1 to 11 in 
25 producing polyester. 

14. A process for producing polyester which comprises using a polyester polymerization catalyst, which comprises an 
aluminum compound and a phosphorous compound for producing polyester. 

30 15. The process according to claim 14, wherein the phosphorus compound is at least one compound selected from 
the group consisting of a phosphonic acid based compound, a phosphinic acid based compound, a phosphine 
oxide based compound, a phosphonous acid based compound, a phosphinous acid based compound, and a phos- 
phine based compound. 

35 16. The process according to claim 14, 

wherein the phosphorus compound is at least one phosphonic acid based compound. 

17. The process according to any one of claims 14 to 1 6, wherein the phosphorus compound is a compound having 
an aromatic ring structure. 

40 

18. The process according to claims 14, 

wherein the aluminum compound is at least one compound selected from the group consisting of an aluminum 
cari30xylate, an aluminum salt of an inorganic acid, an aluminum chelate compound, a partially hydrolyzate of an 
organoaluminum compound, aluminum oxide, and metal aluminum. 

45 

19. The process according to claim 1 8, 

wherein the aluminum compound is at least one compound selected from the group consisting of an aluminum 
carboxylate, an aluminum salt of an inorganic acid, and an aluminum chelate compound. 

50 20. The process according to claim 19, 

wherein the aluminum compound is at least one compound selected from the group consisting of aluminum acetate, 
aluminum chloride, aluminum hydroxide, aluminum hydroxide chloride, and aluminum acetylacetonate. 

21 . The process according to claim 20, 

55 wherein the aluminum compound is aluminum acetate. 

22. The process according to claim 14, 

wherein the phosphorus compound is at least one compound selected from the group consisting of the compounds 
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represented by the following Formulae (1) to (3): 

Formula 1 
P(=0)R^OR^)(OR^) 

Formula 2 
P(=0)R^R^OR^) 

Formula 3 
P(=0)R^R^R® 

wherein R^ , R^, R^ and R^ independently represent hydrogen, a hydrocarbon group, and a C1.50 hydrocarbon 
group containing a hydroxyi group, a halogen group, an alkoxy group or an amino group, and R2 and R^ independ- 
ently represent hydrogen and a C-,.10 hydrocarbon group, provided that the hydrocarbon group may contain an 
aiicyclic structure or an aromatic ring stnjcture. 

23. The process according to claim 22, 

wherein each of R"", R^.RS and RS is a group having an aromatic ring structure. 

24. The process according to any one of claims 14 to 23, characterized in that one or more metals and/or metal 
compounds selected from the group consisting of allcall metals or compounds thereof and alkaline earth metals 
or compounds thereof are coexistent therewith. 

25. Polyester obtainable by a process described in any one of clainns 1 4 to 24. 



Patentanspruche 

1. Polymerisationskatalysator fur Polyester, umfassend eine Aluminiumverblndung und eine Phosphorverbindung, 
wobei die Aluminiumverblndung mindestens eine Verbindung ist, ausgewahit aus einem Aluminiumcarboxylat, 
Aluminiumchlorid, Aluminiumhydroxidchlorid, Aluminiumcarbonat, einem Alumlniumphosphat, einem Aluminiump- 
hosphonat, einem Aluminiumalkoxid, einer Aluminiumchelatverbindung, einem partiellen Hydrolysat einer alumi- 
nlumorganischen Verbindung und metallischem Aluminium. 

2. Polymerisationskatalysator fiir Polyester nach Anspruch 1 , wobei die Phosphorverbindung mindestens eine Ver- 
bindung ist, ausgewahit aus einer auf Phosphonsaure basierenden Verbindung, einer auf Phosphinsaure basie- 
renden Verbindung, einer auf Phosphinoxid basierenden Verbindung, einer auf phosphoniger Saure basierenden 
Verbindung, einer auf phosphiniger Saure basierenden Verbindung und einer auf Phosphin basierenden Verbin- 
dung. 

3. Polymerisationskatalysator fur Polyester nach Anspruch 1 , wobei die Phosphorverbindung mindestens eine auf 
Phosphonsaure basierende Verbindung ist. 

4. Polymerisationskatalysator fur Polyester nach einem der Anspruche 1 bis 3, wobei die Phosphorverbindung eine 
Verbindung mit einer aromatischen Ringstruktur ist. 

5. Polymerisationskatalysator fur Polyester nach Anspruch 1 , wobei die Phosphorverbindung mindestens eine Ver- 
bindung ist, ausgewahit aus den Verbindungen der folgenden Fonrnein (1) bis (3): 

Formel 1 
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P(=0)R^OR^)(OR^) 

Formel 2 
P(=0)R^R^OR^) 

Formel 3 
P(=0)R^R^R^ 

wobel R^ R^, R5 und R^ unabhangig voneinander Wasserstoff, einen C^.so-Kohlenwasserstoffrest und einen 
Kohtenwasserstoffrest, der eine Hydroxylgruppe, eine Halogengruppe, eine Alkoxygruppe oder eine Anriinogruppe 
enthalt, bedeuten; und R^ und R^ unabhdngig voneinander Wasserstoff und einen C^.^Q-Kohlenwasserstoffrest 
bedeuten, 

mit der MaBgabe, dass der Koliienwasserstoffrest eine alicyclische Struictur oder eine aromatische Ringstruktur 
enthalten kann. 

6. Polymerisationskatalysator fur Polyester nach Anspruch 5, wobei Jeder der Reste R\ R*, R^ und ffi ein Rest mit 
einer aromatisclien Ringstruktur 1st. 

7. Polymerisationskatalysator fur Polyester nach Anspruch 4, wobei die Aluminiumverbindung mindestens eine Ver- 
bindung ist, ausgewahit aus einem Alumlniumcarboxylat, Aluminiumchlorid, Aluminiumhydroxidchlorid, Alumini- 
umcarbonat, einem Aluminiumphosphat, einem Aluminiumphosphonat, einer Aluminiumchelatverblndung, einem 
partiellen Hydrolysat einer aluminiumorganischen Verbindung und metallischem Aluminium. 

8. Polymerisationskatalysator fur Polyester nach Anspruch 7, wobei die Aluminiumverbindung mindestens eine Ver- 
bindung ist, ausgewahit aus einem Alumlniumcarboxylat, Aluminiumchlorid, Aluminiumhydroxidchlorid, Alumini- 
umcarbonat, einem Aluminiumphosphat, einem Aluminiumphosphonat und einer Aluminiumchelatverblndung. 

9. Polymerisationskatalysator fur Polyester nach Anspruch 8, wobei die Aluminiumverbindung mindestens eine Ver- 
bindung ist, ausgewahit aus Aluminiumacetat, Aluminiumchlorid, Aluminiumhydroxidchlorid und Aluminiumace- 

tylacetonat. 

10. Polymerisationskataiysator fur Polyester nach Anspruch 9, wobei die Aluminiumverbindung Aluminiumacetat ist. 

11. Polymerisationskatalysator fur Polyester nach einem der Anspruche 1 bis 10, dadurch gekennzeichnet, dass er 
daruber hinaus elnes oder mehrere Metalle und/oder Metallverblndungen, ausgewahit aus Alkalimetallen oder 
Verbindungen davon und Erdalkalimetallen oder Verbindungen davon, umfasst. 

12. Polyester, hergestellt durch Verwenden elnes Katalysators nach einem der Anspruche 1 bis 11 . 

13. Verfahren zur Herstellung eines Polyesters, umfassend das Verwenden elnes Katalysators nach einem der An- 
spruche 1 bis 11 zur Herstellung eines Polyesters. 

14. Verfahren zur Herstellung eines Polyesters unter Verwendung eines Polymerisationskatalysators fur Polyester, 
umfassend eine Aluminiumverbindung und eine Phosphorverbindung, zur Herstellung eines Polyesters. 

15. Verfahren nach Anspruch 14, wobei die Phosphorverbindung mindestens eine Verbindung ist, ausgewahit aus 
einer auf Phosphons§ure basierenden Verbindung, einer auf Phosphinsdure basierenden Verbindung, einer auf 
Phosphinoxid basierenden Verbindung, einer auf phosphoniger Saure basierenden Verbindung, einer auf phos- 
phiniger SSure basierenden Verbindung und einer auf Phosphin basierenden Verbindung. 

16. Verfahren nach Anspruch 14, wobel die Phosphorverbindung mindestens eine auf Phosphonsaure baslerende 
Verbindung ist. 
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17. Verfahren nach einem der Anspruche 14 bis 16, wobei die Phosphorverbindung eine Verblndung mit einer aro- 
matischen Ringstruktur ist. 

18. Verfahren nach Anspruch 14, wobei die Aiuminiumverbindung mindestens eine Verblndung ist, ausgewahlt aus 
einem Aluminiumcarboxylat, einem Aluminiumsalz einer anorganischen Saure. einer Aluminiumchelatverbindung, 
einem partielien HydrolysateineraluminiumorganischenVerbindung.Aluminiumoxidundmetallischem Aluminium. 

19. Verfahren nach Anspruch 18, wobei die Aiuminiumverbindung mindestens eine Verbindung ist, ausgewahlt aus 
Aluminiumcarboxylat, einem Aluminiumsalz einer anorganischen Saure und einer Aluminiumchelatverbindung. 

20. Verfahren nach Anspruch 19, wobei die Aiuminiumverbindung mindestens eine Verbindung ist, ausgewahlt aus 
Aluminiumacetat. Aluminiumchlorid, Aluminiumhydroxid, Aluminiumhydroxidchlorid und Aluminiumacetylaceto- 
nat. 

21. Verfahren nach Anspruch 20, wobei die Aiuminiumverbindung Aluminiumacetat Ist. 

22. Verfahren nach Anspruch 14. wobei die Phosphorverbindung mindestens eine Verblndung ist, ausgewahlt aus 
den Verbindungen derfolgenden Formein (1) bis (3): 

Fomnei 1 
P(=0)r\0R^)(0R^) 

Fonnel 2 
P(=0)R^r'^(OR^) 

Fomnei 3 
P(=0)R^R^R® 

wobei R^ R"^, R^ und R^ unabhangigvoneinanderWasserstoff, einen C^.go-Kohlenwasserstoff rest und einen C1.50- 
Kohlenwasserstoffrest, der eine Hydroxyigruppe, eine Halogengruppe, eine Alkoxygruppe oder eine Aminogruppe 
enthalt, bedeuten; und R2 und R^ unabhangig voneinander Wasserstoff und einen C^.^Q-Kohlenwasserstoffrest 
bedeuten, 

mit der I\/Ia3gabe. dass der Kohlenwasserstoffrest eine alicyctische Struktur oder eine aromatische Ringstruktur 
enthalten kann. 

23. Verfahren nach Anspruch 22, wobei jeder der Reste Ri , R*. R5 u nd R6 ein Rest mit einer aromatlschen Ringstruktur 
Ist. 

24. Verfahren nach einem der Anspruche 14 bis 23, dadurch gekennzelchnet, dass es eines oder mehrere Metalie 
und/oder Metallverbindungen, ausgewahlt aus Alkalimetallen oder Verbindungen davon und Erdalkalimetallen 
Oder Verbindungen davon, mit umfasst. 

25. Polyester, erhaltlich durch ein Verfahren nach einem der Anspruche 14 bis 24. 



Revendications 

1 . Catalyseur de polymerisation pour polyester, qui comprend un compose d'aluminium et un compose de phosphore, 
dans lequel le compose d'aluminium est au moins un compose choisi dans le groupe comprenant un carboxylate 
d'aluminium, un chlorure d'aluminium, un chlorure d'hydroxyde d'aluminium, un carbonate d'aluminium, un phos- 
phate d'aluminium, un phosphonate d'aluminium, un alcoxyde d'aluminium, uncompos6de chelation d'aluminium, 
un hydrolysat partiel d'un compose d'organoaluminium et un aluminium metallique. 
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2. Catalyseur de polymerisation pour polyester selon la revendtcatlon 1 , dans lequel le compose de phosphore est 
au moins un connpos6 choisi dans le groupe comprenant un compost k base d'acide phosphonique, un compos6 
k base d'acide phosphinique, un compost k base d'oxyde de phosphine, un compost k base d'acide phosphoneux, 
un compost k base d'acide phosphineux et compost k base de phosphine. 

5 

3. Catalyseur de polymerisation pour polyester selon la revendicatlon 1, dans lequel le compose phosphoreux est 
au moins un compose k base d'acide phosphonique. 

4. Catalyseur de polymerisation pour polyester selon Tune quelconque des revendications 1^3, dans lequel le com- 
10 pose phosphoreux est un compose ayant une structure cyclique aromatique. 

5. Catalyseur de polymerisation pour polyester selon la revendicatlon 1 , dans lequel le compose phosphoreux est 
au moins un compose choisi dans le groupe comprenant les composes repreisentes par les formuies (1) k (3) 
sulvantes : 

15 

Fonnule 1 
P(=0)r\0R^) (OR^) 

20 

Fonnule 2 
P(=0)R^r'^(OR^) 

25 

Fomriule 3 
P(=0)R^R^R® 

30 

dans lesquelles R"^, R^ et R^ repr6sentent independamment un atome d'hydrogfene, un groupe hydro- 
carbure en C^-Cgo et un groupe hydrocarbure en C^-Cgo comprenant un groupe hydroxyle, un atome d'halogfene, 
un groupe alcoxy ou un groupe amino, et R^ et R^ represented independamment un atome d'hydrogene et un 
groupe hydrocarbure en C^-C^o* ^ condition que le groupe hydrocarbure pulsse contenir une structure alicycllque 

35 ou une structure cyclique aromatique. 

6. Catalyseur de polymerisation pour polyester selon la revendicatlon 5, dans lequel chacun de Ri, R"^, R^ et R^ est 
un groupe ayant une structure cyclique aromatique. 

40 7. Catalyseur de polymerisation pour polyester selon la revendicatlon 4, dans lequel le compose d'alumlnium est au 
moins un compose choisi dans le groupe comprenant un carboxylate d'aluminium, un chlorure d'alumlnium, un 
chiorure d'hydroxyde d'aluminium, un cariDonate d'alumlnium, un phosphate d'aluminium, un phosphonate d'alu- 
minium, un compose de chelation d'aluminium, un hydrolysat partial d'un compose d'organoaluminlum et un alu- 
minium metaillque. 

45 

8. Catalyseur de polymerisation pour polyester selon la revendicatlon 7, dans lequel le compose d'aluminium est au 
moins un compose choisi dans le groupe comprenant un carboxylate d'aluminium, un chlorure d'aluminium, un 
chlorure d'hydroxyde d'aluminium, un carisonate d'aluminium, un phosphate d'aluminium, un phosphonate d'alu- 
minium et un compose de chelation d'aluminium. 

50 

9. Catalyseur de polymerisation pour polyester selon la revendicatlon 8. dans lequel le compose d'aluminium est au 
moins un compose choisi dans le groupe comprenant un acetate d'aluminium, un chlorure d'aluminium, un chlorure 
d'hydroxyde rfalumlnlum et un acetylac6tonate d'aluminium, 

55 10. Catalyseur de polymerisation pour polyester selon la revendicatlon 9, dans lequel le compose d'aluminium est un 
acetate d'aluminium. 

11. Catalyseur de polymerisation pour polyester selon Tune quelconque des revendications 1 & 10, caracterfse en 
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ce que un ou plusieur^ metaux et/ou composes metalliques choisis dans le groupe comprenant les metaux alcalins 
ou des composes de ceux-ci et les m6taux alcalino-terreux ou des composes de ceuxKji coexistent dans le cata- 
lyseur. 

12. Polyester produit en utilisant un catalyseur d6crit selon I'une quelconque des revendications 1 a 11 . 

13. Proc6d6 de production d'un polyester qui comprend i'utilisation d'un catalyseur d6crit selon Pune quelconque des 
revendications 1 & 11 pour la production du polyester. 

14 Precede de production d'un polyester qui comprend I'utilisation d'un catalyseur de polymerisation pour polyester, 
qui comprend un compose d'aluminium et un compose de phosphore, pour la production du polyester. 

15 Precede selon la revendlcatlon 14. dans lequel le compose de phosphore est au moins un compose choisi dans 
le groupe comprenant un compose a base d'acide phosphonique, un compos6 k base d'acide phosphinique. un 
compose a base d'oxyde de phosphine, un compose a base d'acide phosphoneux. un compos6 a base d acide 
phosphineux et un compose k base de phosphine. 

16. Precede selon la revendication 14, dans lequel le compose phosphoreux est au moins un compose a base d'acide 
phosphonique. 

17. Proc6d6 selon Tune quelconque des revendications 14^16, dans lequel le compos6 phosphoreux est un compost 
ayant une structure cyclique aromatique. 

18 Proced6 selon la revendication 14. dans lequel le compose d'aluminium est au moins un compost choisi dans le 
groupe comprenant un carboxylate d'aluminium, un sel d'aluminium d'un acide inorganique. un compose de che- 
lation d'aluminium. un hydrolysat partiel d'un compose d'organoalumlnium. un oxyde d'aluminium et un aluminium 
m6talllque. 

19 Proc6d6 selon la revendication 18, dans lequel le compos6 d'aluminium est au moins un compose choisi dans le 
groupe comprenant un carboxylate d'aluminium, un sel d'aluminium d'un acide inorganique et un compose de 
chelation d'aluminium. 

20 Precede selon la revendication 1 9, dans lequel le compose d'aluminium est au moins un compose choisi dans le 
groupe comprenant un ac6tate d'aluminium, un chlorure d'aluminium, un hydroxyde d'aluminium, un chlomre d hy- 
droxyde d'aluminium et un ac6tylac6tonate d'aluminium. 

21. Proc§d6 selon la revendication 20, dans lequel le compos§ d'aluminium est un ac6tate d'aluminium. 

22. Proc6d6 selon la revendication 14, dans lequel le compos6 phosphoreux est au moins un compos6 choisi dans 
le groupe comprenant les composes repr6sent6s par les fonnules (1) k (3) suivantes : 

Formule 1 
P(=0)r\0R^) (OR^) 



Fomnule 2 
P(=0)R^R'^(0R^) 



Fomnule 3 



P(=0)R^R^R® 



dans lesquelles R^ R^, R^ et R^ representent independamment un atome d'hydrogene, un groupe hydro- 
carbure en C1-C50 et un groupe hydrocarbure en C1-C50 comprenant un groupe hydroxyle, un atome d'halogene, 
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un groupe alcoxy ou un groupe amino, et et repr6sentent Ind^pendamment un atome d'hydrogfene et un 
groupe hydrocarbure en Ci-Ciq. ^ condition que le groupe hydrocarbure puisse contenir une structure allcycHque 
ou une structure cycHque aromatique. 

s 23. Proc6d6 selon la revendication 22, dans lequel chacun de R1, R^ R^ et R® est un groupe ayant une structure 
cyclique aromatique. 

24. Proc§d6 selon i'une quelconque des revendicatlons 14 ^ 23, caracterise en ce que un ou plusieurs m6taux et/ 
ou composes m6talliques choisis dans le groupe comprenant les m^taux alcalins ou des composes de ceux-cl et 

10 les mStaux alcallno-terreux ou des composes de ceux-ci coexistent. 

25. Polyester pouvant Stre obtenu par un proc6d6 d^crrt selon i'une quelconque des revendicatlons 14 ^ 24. 
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